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Switched mode power supply 



The present invention relates in general to a switched mode power supply. 
Particularly, the present invention relates to a DC/DC converter stage or a DC/AC inverter 
stage, receiving a substantially constant input voltage or current and generating a DC or AC 
output voltage or current. In the following explanation of the present invention, it will be 
5 assumed that the converter receives a constant input voltage and generates an output current, 
but this is merely by way of example and not intended to restrict the present invention. 

BACKGROUND OF THE INVENTION 

Switched mode power supplies of the above-described type are generally 

10 known, and they are commercially available for several applications. 

In one example, the switched mode power supply is implemented as a boost converter, for 
converting the output voltage of a solar cell array (in the order of 100 V) to a higher constant 
DC level in the order of about 420 V, i.e. higher than the maximum voltage of the standard 
mains voltage. With such converter, it is possible to transfer energy from solar cells to the 

IS mains. 

In another example, the switched mode power supply is implemented as a 
DC/AC inverter, for generating an AC current from a DC voltage. Such inverter can be used 
in, for instance, a lamp driver, having an input for connection to AC mains, and having a 
driver output for driving a discharge lamp. Such drivers typically comprise a stage where a 

20 substantially constant voltage is generated from the alternating input voltage, followed by a 
stage where an alternating current is generated on the basis of said constant voltage. 
In yet another example, the switched mode power supply is implemented as a 
transconductance amplifier for driving an actuator in a motion control apparatus. 

Generally speaking, switched mode power supplies have been developed for a 

25 specific output power. Generally speaking, for a higher output power, the size of the 

components used in the power supply must be larger. This can be avoided by using a power 
supply assembly comprising two or more power supply units connected in parallel. In that 
case, each individual power supply unit only needs to provide a relatively low power so that 
the size of the individual components can be relatively small, which implies a reduction of 
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costs. Also, an advantage would be that use could be made of low-power supply units which 
have already been developed and which have already proven themselves, without the need of 
developing a complete new high-power converter. Further, it is an advantage that low-power 
supply units can easily be manufactured, and that high-volume production facilities already 
5 exist. 

A further advantage of using multiple power supply units connected in parallel 
is to be recognized in the fact that it is possible to generate an output current with a low 
ripple amplitude. Figure 1 illustrates a time graph of a typical power supply output current I, 
which successively rises (line 101) and fells (line 102) between an upper level Ih (line 103) 

10 and a lower level II (line 104). On a sufficiently large time scale, such current can be 

considered as being a constant current having a magnitude Iav=0.5-(Ih+IO, and having a 
ripple amplitude 0.5*(Ih-Il). In principle, it would be possible to have each power supply unit 
of a power supply assembly operate completely independently from all the other power 
supply units. Then, however, it is to be expected that Ihe ripple amplitude of the overall 

1 5 output current of the power supply assembly is the summation of the individual output ripple 
amplitudes of the individual power supply units. A general aim is to have the ripple as small 
as possible. Therefore, it is preferred that the power supply units operate in synchronization, 
such that their output peaks are distributed evenly in time. Figure 2 is a graph illustrating this 
for a case of two power supply units, providing output currents II and 12, respectively, in a 

20 1 80° phase relationship with each other. It can easily be seen that, if the individual currents II 
and 12 have the same amplitude, and if the rate of increase dl/dt from the lower peak to the 
higher peak is equal to the rate of decrease dl/dt from the higher peak to the lower peak, the 
resulting current I to tai is substantially constant, having no ripple or only a very small ripple. 
Even when said individual currents do not have ideal match, typically a reduction of the 

25 ripple amplitude is achieved anyway. 

Operating power supply units in a power supply assembly such that they 
operate in synchronization but with shifted phases is indicated as "interleaved" operation. 
Interleaved operation relevant to the field of application considered here has already been 
proposed in the publication "interleaved converters based on hysteresis current control" by 

30 J.S. Batchvarov et al, 2000, 1.E.E.E. 3 1 st Annual Power Electronics Specialists Conference, 
page 655. In this proposal, relating to an assembly of two converter units, one of the 
converter units has the status of master whereas the other converter unit has the status of 
slave. The proposed control circuitry of this proposal is rather complicated. 
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SUMMARY OF THE INVENTION 

It is a general objective of the present invention to provide an improved power 
supply assembly. 

5 Especially, it is an important objective of the present invention to provide a 

power supply assembly comprising two or more power supply units operating in an 
interleaved manner, having a relatively simple control circuitry. 

It is a further special objective of the present invention to provide a power 
supply assembly comprising two or more power supply units in a modular design, such that it 
10 is easily possible to add one or more power supply units. 

According to an important aspect of the present invention, the power supply 
units of the power supply assembly of the present invention have equal status: each power 
supply unit generates control signals for the next power supply unit in line, and receives 
control signals from the previous power supply unit in line. The last power supply unit 
1 5 generates control signals for the first power supply unit in line, so that the power supply units 
of the power supply assembly are arranged in a ring-configuration. The control signals are 
such that an interleaved operation is automatically assured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 These and other aspects, features and advantages of the present invention will 

be further explained by the following description of a preferred embodiment of a power 
supply assembly according to the present invention with reference to the drawings, in which 
same reference numerals indicate same or similar parts, and in which: 

Figure 1 is a time graph schematically illustrating that an AC signal on a small 
25 time scale may result in a constant signal on al larger time scale; 

Figure 2 is a time graph schematically illustrating that the ripple components 
of two signals added together may compensate each other; 

Figure 3 is a block diagram schematically illustrating a power supply 

assembly; 

30 Figure 4 is a block diagram schematically illustrating a power supply module; 

Figure 5 is a time graph schematically illustrating the operation of a window 

comparator; 

Figures 6A and 6B are time graphs schematically illustrating the operation of a 
boundary generator; 
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Figure 7 is a block diagram schematically illustrating a detail of a power 
supply module in accordance with the present invention; 

Figure 8 is a time graph schematically illustrating the operation of the ramp 
voltage generators of a power supply module; 
5 Figure 9 is a time graph schematically illustrating part of the graph of figure 8 

on a larger scale; 

Figure 10 is a block diagram schematically illustrating a possible embodiment 
of a window comparator and a gate driver. 

10 

In the following, the present invention will be explained in detail for the case 
of a converter assembly, unless specified specifically. However, it is to be noted that this 
explanation is not intended to restrict the present invention to converters only; it is 
specifically noted that same or similar principles also apply to inverters, as will be clear to 

1 S persons skilled in the art. 

Figure 3 is a block diagram schematically showing part of a converter 
assembly 1 comprising a plurality of converter units 10. In the following, same components 
of the individual converter units will be indicated by the same reference numerals, 
distinguished by an index 1, 2, 3, etc. In figure 3, only three converter units 101, 102 and 103 

20 are shown, but the assembly 1 can easily be extended by adding converter units. Further, the 
converter assembly 1 may comprise only two converter units, by taking one of the converter 
units away. 

In the following explanation, it is assumed that the converter units 10 receive 
an input DC voltage Vin and generate an output current Iout- Each converter unit 10i has two 

25 input terminals 1 1 i and 12i connected to voltage supply lines 2a and 2b, respectively, for 

receiving the input voltage Vjn, and an output terminal 13i connected to an output line 3 for 

providing the output current IouT,i- Herein, i = 1, 2, 3 etc. The converter units 10 are 

connected in parallel, i.e. their respective first input terminals 1 li are all connected together 
to one voltage supply line 2a, their respective second input terminals 12i are all connected 

30 together to one voltage supply line 2b, and their respective output terminals 13i are all 

connected together to one output line 3, which is connected to a load L. The load current II 
can be written as the following formula: 
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N 

It ~ ItLloVTjt 

i=\ 

wherein N is an integer indicating the total number of converter units 10, N being 3 in the 
example of Figure 3. 

According to an important aspect of the present invention, each control unit 10 

5 has a control input 14 and a control output IS. Each control unit 10i has its control input 14i 
connected to the control output 15w of its predecessor neighbour 10n, and has its control 
output 15i connected to the control input 14i+i of its following neighbour 10i + i. The control 
output 15n of the last control unit IQn is connected to the control input 14i of the first control 
unit 10i- Thus, the control units 10 axe arranged in a ring-configuration. 

10 It will be seen that the modular design of the converter assembly 1 can easily 

be amended by taking one of the control units away. For instance, the control unit IQ2 can be 
taken away, in which case the control output 15i of the first control unit 10i is connected to 
the control input 143 of the third control unit IO3. 

Also, the control assembly 1 can easily be extended by adding a further 

15 control unit 10x (not shown in figure 3) between, for example, the second control unit IO2 
and 1he third control unit IO3, in which case the connection between the second control 
output 152 and the third control input H3 is disconnected, the second control output 152 is 
connected to control input 14x of the added control unit 10x, and the control output 15x of 
the added converter unit 10x is connected to the third control input 143. 

20 The general design of converter units is known per se. A possible embodiment 

of a known converter unit, suitable to be used as basis for a converter unit of the present 
invention, will be described with reference to figure 4. The converter unit 10 of this example 
comprises a half-bridge switching amplifier 60, the heart of which is formed by a pair of 
controlled switches 61 and 62, usually implemented as a pair of MOSFETS, connected in 

25 series between on the one hand the first input terminal 1 1 for connection to a high supply 

voltage level Vhigh and on the other hand the second supply input terminal 12 for connection 
to a low supply voltage level Vlow The node A between these two controllable switches 61 
and 62 connects to the output terminal 13 through a load inductor 64 connected in series. In 
figure 4, it is shown for this example that the load L connected to output terminal 13 can be a 

30 voltage source, for instance a chargeable battery or, as shown, standard mains. In such case, 
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the voltage at output terminal 13 is constant, as determined by the mains. Typically, a filter 
capacitor 63 is connected in parallel to the output 13. 

The controllable switches 61 and 62 have their control terminals connected to 
control outputs 52 and 53, respectively, of a gate driver 50. The gate driver 50 is designed to 
5 operate in two possible operative states. 

* In a first operative state, the gate driver 50 generates its control signals for the 
controllable switches 61 and 62 such that the first switch 61 is in its conductive state 
while the second switch 62 is in its non-conductive state. 

* In a second operative state, the gate driver 50 generates its control signals for the 

10 controllable switches 61 and 62 such that the second switch 62 is in its conductive state 

while the first switch 61 is in its non-conductive state. 
Thus, in the first operative state, the node A is connected to the high supply voltage level 
Vidgh, and a current Ih is generated between first supply input terminal 1 1 and output 
terminal 13. Filtered by the inductor 64, and depending on the voltage level at the output 

1 5 terminal 1 3 in relation to the higjh supply voltage level Vhigh, this typically leads to a rising 
output current loin* indicated by lines 65a and 65b in figure 5. In the second operative state, 
the node A is connected to the low supply voltage Ylow* and a current II is generated 
between second supply input terminal 12 and output terminal 13. Filtered by the inductor 64, 
this typically leads to a decreasing output current Iotm indicated by the lines 66a and 66b in 

20 figure 5. 

It is noted that in the setup shown in figure 4, the output current Iout is 
capable of passing zero and change direction. It is also possible to operate the driver 50 such 
that the output current lour is always positive or negative, i.e. does not change direction. In 
that case, one of the switches may always be kept OFF, or may be replaced by a non- 
25 controllable switch, or may even be replaced by a diode. Referring to figure 4, assume that 
the current is positive (i.e. flowing from the first supply input terminal 1 1 to the output 
terminal 13), and that first switch 61 is in its conductive state while the second switch 62 is in 
its non-conductive state. Then, the current magnitude will increase (line 65b in figure 5). 
When the first switch 61 is now switched to its non-conductive state, while the second switch 
30 62 remains in its non-conductive state, a positive current with decreasing magnitude flows 

from the second supply input terminal 12 to the output terminal 13 via the diode of switch 62. 
It will be clear that the same effect is achieved if the second switch 62 is replaced by a diode. 
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It will also be clear that the same effect is achieved more efficiently if the second switch 62 is 
switched to its conductive state. 

The output current lour is measured, for instance by an output current sensor 
67, which generates a signal Sm indicating the measured output current, which is provided to 

5 a measured signal input 36 of a window comparator 30. 

The window comparator 30 has a first input 32 receiving a first boundary input 
signal Sbh? and a second input 33 receiving a second boundary input signal Sbl, wherein the 
first boundary level Sbh is higher than the second boundary level Sbl. In the following, these 
two boundary levels will be indicated as high boundary level Sbh and low boundary level 

10 Sbl? respectively. 

The window comparator 30 compares the measured signal Sm with the two 
boundary levels Sbh and Sbl received at its first and second input 32 and 33, respectively. It 
is noted that, in order for the window comparator 30 to be able to compare the measured 
output signal Sm with the boundary levels Sbh and Sbl? the measured output signal Sm 

1 5 should have the same dimension as the boundary levels, i.e. they should all be current signals 
or voltage signals. Therefore, if for instance the boundary levels Sbh and Sbl are defined as 
signals in the voltage domain, the output sensor 67 should provide its output signal Sm as a 
signal in the voltage domain, too. 

With reference to figure 5, the operation is as follows. Assume that the 

20 measured output current lour is within the window defined by the boundaries Sbh and Sbl, 
and that the gate driver 50 is in the first operative state such that the output current Iout is 
rising, as indicated by line 65a in figure 5. This situation continues, until at time tl the 
measured output signal Sm becomes equal to the high boundary level Sbh- At that moment, 
the window comparator 30 generates its output signal for the gate driver 50 such that the gate 

25 driver 50 switches to its second operative state. As a consequence, the output current Iout 
decreases, as indicated by the line 66a in figure 5. 

This situation continues, until at time t2 the lower boundary level Sbl is 
reached. Now the window comparator 30 generates its output signal for the gate driver 50 
such that the gate driver 50 again switches its operative state, i.e. enters the first operative 

30 state again, such that the output current Iqut is rising again, indicated by line 65b in figure 5. 
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On a time scale larger than the period of the output current Iout, the output current Iout has 
an average value Ioutav approximately corresponding to 0.5(S B h + Sbl), although the exact 
value of Ioutav will depend on the nature of the load. 

In a known converter unit, the window comparator 30 has its inputs 32 and 33 
5 connected to outputs 22 and 23, respectively, of a boundary generator 20, which has an input 
21 coupled to target input 16 of the converter unit 10. The boundary generator 20 is designed 
to generate the high boundary level signal Sbh and the low boundary level signal Sbl at its 
outputs 22 and 23, respectively, on the basis of the target signal Starget received at its input 
21. This can be done in several ways. In a first exemplary embodiment, illustrated in figure 
10 6A, the boundary generator 20 is adapted to generate its output signals according to the 
formulas 

Sbh " Starget + SI; Sbl = Starget - S2 

wherein SI and S2 are constant values which may be equal to each other. Thus, in this 
example, the window boundaries S B h and S B l follow the shape of the target signal Starget, 
15 as illustrated in figure 6A. This figure also shows the resulting wave form of output current 
lour- It will be seen that the average value Ioutav is substantially equal to the target signal 
Starget- 

In another exemplary embodiment, illustrated in figure 6B, the boundary 
generator 20 assures that the high boundary level Sbh is always positive and that the low 

20 boundary Sbl is always negative. As long as the target signal Starget is above zero, the 

lower boundary level Sbl has a constant value S2C below zero while the high boundary level 
SI is chosen such that the average of SI and S2C corresponds to the target signal Starget- 
When the target signal Starget is negative, the opposite is true, i.e. the high boundary level 
Sbh has a constant positive value SIC while the low boundary level Sbl has a value S2 

25 selected such that the average of S2 and SIC corresponds to the target signal Starget- I* this 
case, too, the average value Ioutav of the output current lour will substantially correspond 
to the target signal Starget- 

The above description describes the operation of an independent converter unit 
10. As such, the description given above can be considered as prior art. 

30 In order for the converter unit 10 to be able to be applied in a converter 

assembly 1 according to the invention, as illustrated in figure 3, the converter unit 10 has a 
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control input 14, a control output IS, and a hysteresis control stage 70, as illustrated in the 
partial drawing of figure 7. The converter unit 10 is designed to generate at its control output 
15 a synchronisation control output signal Sc,out indicating the times tl, t2 when the 
measured output signal Sm becomes equal to the high boundary level Sbh or the low 
5 boundary level Sbl, respectively, or, more generally, indicating time-derivative of the 
measured output signal Sm changes sign. In the embodiment illustrated in figure 7, the 
control output 15 is coupled to a control output 35 of the window comparator 30; however, 
the control output signal Sc,out may also be derived from another source, for instance from 
the gate driver 50, or for instance from the current sensor 67. 
10 The control output 15 may be a single output, and the control output signal 

Sc,out may be a signal showing different values for indicating different events. For instance, 
the output signal Sc,out may have a constant value at all times except tl and t2, for instance 
a value zero, and may show a signal pulse having a first characteristic at time tl and a signal 
pulse having its second characteristic at time t2. For instance, at time tl the pulse may be 
1 5 positive whereas at time t2 the pulse may be negative, or vice versa. Alternatively, the pulses 
may have the same sign but different height. Alternatively, the pulses may have the same 
sign but different duration. 

It is also possible that the control output 15 is actually constituted by two lines, 
one line carrying a signal indicating the times tl and the other line carrying a signal 
20 indicating the times t2, in which case the control signals at both lines may be mutually 
identical because they are distinguished by being carried by different lines. 

Likewise, the control input 14 may be a single input, or an input comprising 
two input lines, corresponding to the configuration of the control output 15, as will be clear to 
a person skilled in the art. 
25 In the following description of an exemplary embodiment of the hysteresis 

control stage 70, it is assumed that the signals Sbh, Sbl and Sm are signals in the voltage 
domain. Figure 7 illustrates that the hysteresis control stage 70 comprises a first ramp voltage 
generator 71 and a second ramp voltage generator 72. The hysteresis control stage 70 further 
comprises a first adder 73 and a second adder 74. The first adder 73 has one input coupled to 
30 the first output 22 of the boundary generator 20 for receiving the high boundary signal Sbh, 
has a second input coupled to an output of the first ramp voltage generator 71 for receiving a 
first ramp voltage Vrh, and has an output coupled to the first input 32 of the window 
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comparator 30, providing a ramped high boundary signal S'bh- Likewise, the second adder 74 
has an input coupled to the second output 23 of the boundary generator 20 for receiving the 
low boundary signal Sbl, a second input coupled to an output of the second ramp voltage 
generator 72 for receiving a second ramp voltage Vrl, and an output coupled to the second 

5 input 33 of the window comparator 30, providing a ramped low boundary signal S*bl- Thus, 
the ramped high boundary signal S'bh as received at the first input 32 of the window 
comparator 30 is the summation of the original high boundary level signal Sbh as generated 
at the first output 22 of the boundary generator 20 and the first ramp voltage Vrh outputted 
by the first ramp voltage generator 71, whereas the low boundary level S*b L as received at the 

10 second input 33 of the window comparator 30 is the summation of the original low boundary 
level signal Sbl as generated at the second output 23 of the boundary generator 20 and the 
second ramp voltage Vrl generated by the second ramp voltage generator 72. 

Each ramp voltage generator is capable of generating a slowly increasing or 
decreasing output signal, starting when the ramp voltage generator receives a first command 

15 signal or trigger signal, and resetting when the ramp voltage generator receives a second 
command signal or reset signal. Thus, the resulting signal has a saw tooth shape, for which 
reason the ramp voltage generators may also be indicated as saw tooth generators. 

Figure 8 illustrates the operation of the ramp voltage generators 71 and 72 in a 
particular converter unit (for instance 10i; see figure 3) as a function of time. 

20 Curve 81 indicates the measured output signal of the previous converter unit 

(for instance 10^; see figure 3) in an assembly, indicated as Sm" 1 - The times when this 
measured signal apparently meets the high boundary level of the previous converter unit and 
reverses from increasing to decreasing are indicated as tf 1 , whereas the times when the 
measured output signal Sm" 1 of the previous stage meets the lower boundary level of the 

25 previous converter unit and reverses from decreasing to increasing are indicated as t^ 1 . It is 
noted that the high and low boundary levels of the previous converter unit are not shown in 
figure 8 for sake of simplicity. 

Curve 82 indicates a possible control input signal Sqin received from the 
previous converter unit at input 14, which is an output signal at output 15i_i of the previous 

30 converter unit In this example, the input control signal Scjn has negative pulses indicating 
the first times ti" 1 and has positive pulses at times t2~ 1 . 
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Curve 83 illustrates the high boundary level signal S<bh m received by the 
window comparator 30 at its first input 32. Curve 83 indicates that this high boundary level 
S'bh is constant until time tf 1 , when the first ramp voltage generator 71 is triggered and the 
high boundary level S'bh starts to decrease. 

Curve 85 illustrates the lower boundary level S'bl as received at the second 
input 33 of window comparator 30. It can be seen that this low boundary level S*bl is 
constant until time t2~\ at which moment the second ramp voltage generator 72 is triggered 
and the low boundary level S'bl starts to rise. 

Curve 84 illustrates the measured output signal Sm as produced by the output 
current sensor 67 and received at the measured signal input 36 of the window comparator 30. 
It can be seen that the measured output signal Sm is rising, until at time tl the measured 
output signal Sm becomes equal to the decreasing hdgh boundary level S'bh- At that moment, 
as explained earlier, the window comparator 30 sends a command signal to the gate driver 
50, which changes its operative state, such that the slope of the output current Iout reverses 
direction, i.e. the measured output signal Sm starts to decrease. 

At time t2, the decreasing output signal Sm meets the rising lower boundary 
level S'bl, at which time the window comparator 30 sends a second command signal to the 
gate driver 50, which again changes its operative state, such that the output signal Sm starts to 
rise again. 

At time tl , when the rising output signal Sm meets the decreasing high 
boundary level S'bh* the first ramp voltage generator 71 may be reset to zero until the next 
occurrence of a negative input control pulse Scjn, as indicated at A in curve 83. However, it 
is also possible that the ramp voltage generator 71 is stopped at time t<£ X 9 and is reset by the 
start pulse of Scjn at time ti" 1 , as indicated at B in curve 83. Alternatively, the ramp voltage 
generator 71 may continue at time tl, until it is reset by the trigger pulse of Scjn» as 
illustrated at C in curve 83. The same applies, mutatis mutandis, for the second ramp voltage 
generator 72, but this is not illustrated in figure 8. 

The slopes of the ramp voltages Vrh and Vrl generated by the first and 
second ramp voltage generators 71, 72 may be equal to each other, but these slopes may also 
be different from each other. 
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The slope of the ramp voltage Vrh generated by the first ramp voltage 
generator 71 maybe constant. Preferably, however, this slope is proportional to the 
difference between the input voltage Vhigh and the output voltage at output terminal 13. The 
same applies to the second ramp voltage Vrl generated by the second ramp voltage generator 
5 72. To this end, the ramp voltage generators 71 and 72 may have inputs coupled to the supply 
input terminals 11,12 and to the output terminal 13, but this is not shown in figure 7 for sake 
of simplicity. 



Figures 7 and 8 illustrate how the timing of the gate driver 50i of a converter 

10 unit 10i is controlled by control signals Sqin from a previous converter unit 10i_i. In a steady 
state, two neighbouring converter units 10i and 10*4 will show a more or less fixed phase 
relationship, as can be explained by figure 9, which shows the signals Sm, S'bh and S'bl of 
figure 8 on a larger scale. In figure 9, solid line 84 illustrates the measured output signal S M 
for steady state, and solid line 83 illustrates the high boundary level S<bh for steady state. 

1 5 Assume that the previous control unit is somewhat ahead of the present converter unit, or that 
the present converter unit 10 is lagging somewhat with respect to the previous converter unit. 
Such situation is illustrated by the dashed line 93 in figure 9, which indicates that the first 
ramp voltage generator has been triggered earlier than the steady slate case. Now, the rising 
output signal (line 84a) will meet the high boundary level S'bh at time t3, which is somewhat 

20 earlier than time tl of the steady state case. Thus, the output signal will decrease earlier than 
in the steady state case (dashed line 94). It follows that momentarily the output signal has a 
somewhat lower amplitude and a somewhat higher frequency which reduces the lag with 
respect to the previous converter unit. The same applies, mutatis mutandis, when the previous 
converter unit is lagging with respect to the present converter unit. 

25 With reference to Figures 7, 8 and 9, it has been explained how the timing of 

the gate driver 50 of one converter unit 10 is controlled by the previous converter unit. It has 
also been explained that the result will be a substantially fixed phase relationship between the 
output currents of those two converter units. This explanation applies to each pair of two 
neighbouring converter units in the converter assembly, but this is not shown in figure 8 for 

30 sake of simplicity. Thus, after a start-up phase, all converter units will have substantially 
fixed phase relationships to each other. It can be shown that, in the steady state case, 
assuming that all converter units in the converter assembly are substantially identical, the 
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phase difference between two neighbouring converter units is substantially equal to 360°/N, 
N being the number of converter units in the converter assembly. The resulting overall output 
current of the converter assembly, being the summation of all individual output currents of 
the individual converter units, will have only very small ripple amplitude. 

5 Figure 10 is a block diagram schematically illustrating a possible embodiment 

of a window comparator 30 and gate driver 50. In this embodiment, the window comparator 
30 comprises a first voltage comparator 37 and a second voltage comparator 38, while the 
gate driver 50 comprises an RS flipflop 57. The first comparator 37 has an inverting input 
coupled to the first input 32 of the window comparator 30, has a non-inverting input coupled 

10 to the measured signal input 36 of the window comparator 30, and has an output coupled to 
the R-input of the RS flipflop 57. The second comparator 38 has a non-inverting input 
coupled to the second input 33 of the window comparator 30, has an inverting input coupled 
to the measured signal input 36 of the window comparator 30, and has an output coupled to 
the S-input of the RS flipflop 57. The Q-output of the RS flipflop 57 provides the drive signal 

15 for the first switch 61, while the Q -output of the RS flipflop 57 provides the drive signal for 
the second switch 62. 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that several variations and 
modifications are possible within the protective scope of the invention as defined in the 

20 appending claims. 

For instance, in the present preferred embodiment as discussed with reference 
to figures 7 and 8, a ramp voltage is added to the high boundary level S B h as well as to the 
low boundary level Sbl- However, although this is preferred, in an alternative embodiment 
such ramp voltage is only applied to one of the boundary levels. 

25 It is noted that, in the example of figure 7, the output voltage Vrh of the first 

ramp voltage generator 71 has a negative slope, i.e. a slowly decreasing magnitude. 
Alternatively, the first ramp voltage generator 71 may provide a ramp voltage having a 
positive slope, like the second ramp voltage generator 72, in which case the first adder 73 
should be replaced by a subtracter. Conversely, the second ramp voltage generator 72 may 

30 provide a ramp voltage having a negative slope, like the first ramp voltage generator 71, in 
which case the second adder 74 should be replaced by a subtractor. 

Further, it is noted that the hysteresis control stage 70 may be integrated in the 
boundary generator 20 or the window comparator 30, Also, the boundary generator 20, the 
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hysteresis control stage 70, the window comparator 30, and possibly the switch driver 50 may 
be integrated into one unit 

Further, the signals Sbh, Sbl and Sm may for instance be signals in the current 
domain; corresponding amendments to the design of the hysteresis control stage 70 will be 
5 clear to a person skilled in the art. 

In the above, the present invention is explained for a converter having two 
controllable switches 61 and 62 connected in series. However, the present invention is not 
limited to devices having two controllable switches connected in series; it is sufficient if only 
one of said switches is controllable. For instance, with reference to figure 4, second switch 62 

10 may be replaced by a (non-controllable) diode having its cathode directed to node A, or first 
switch 61 may be replaced by a (non-controllable) diode having its anode directed to node A 
(buck-type converter). Since converters of this type are known per se, while it will be clear to 
a person skilled in the art that the gist of the present invention also applies to converters of 
this type, it is not necessary here to discuss the operation of such converters in great detail. It 

15 is noted, however, that in such case the corresponding current is not hysteresis-controlled. 
For instance, in the case where second switch 62 is replaced by a (non-controllable) diode 
having its cathode directed to node A, hysteresis control is only executed on the rising current 
becoming equal to the high-boundary level, with a ramp voltage correction applied to the 
high-boundary level or to the measuring signal. A low boundary level for the dropping 

20 current is always zero. Detecting when the dropping current becomes equal to zero may be 
done in the manner described above, but can also be done in other ways in this special case. 
With reference to figures 7 and 8, it should be clear that the ramp voltages are generated such 
as to reduce the difference between output current measurement signal Sm and high boundary 
level Sbh or low boundary level S B l, respectively. In the embodiment discussed, this is 

25 implemented by reducing the high boundary level Sbh and increasing the low boundary level 
Sbl, respectively. Reducing the high boundary level S B h is implemented by adding a 
negative ramp voltage Vrh to the high boundary level Sbh; in an alternative which is 
considered equivalent, a positive ramp voltage may be subtracted from the high boundary 
level S B h- Increasing the low boundary level Sbl is implemented by adding a positive ramp 

30 voltage Vrl to the low boundary level S B lJ in an alternative which is considered equivalent, 
a negative ramp voltage may be subtracted from the low boundary level Sbl- 
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In an alternative embodiment, said difference may be reduced by increasing 
the measurement signal Sm when rising (curve 65 in figure 5) and decreasing the 
measurement signal Sm when felling (curve 66 in figure 5). Increasing the measurement 
signal Sm when rising may be implemented by subtracting the negative ramp voltage Vrh or, 
5 equivalently, by adding a positive ramp voltage. Decreasing the measurement signal Sm 
when felling may be implemented by subtracting the positive ramp voltage Vrl or, 
equivalently, by adding a negative ramp voltage. Such implementation is especially useful in 
a case where it is not possible to amend the output signals of the boundary generator, e.g. in 
the (existing) case where a boundary generator and a window comparator are implemented as 

10 one integrated circuit. In this case, too, it is possible that hysteresis control is performed on 
one level only, i.e. only for rising current or for felling current 

In the above, the present invention has been explained for an implementation 
in a half-bridge configuration. However, it should be clear to a person skilled in the art that 
the present invention can also be implemented in a fell-bridge configuration. 

15 In the above, the present invention has been explained with reference to block 

diagrams, which illustrate functional blocks of the device according to the present invention. 
It is to be understood that one or more of these functional blocks may be implemented in 
hardware, where the function of such functional block is performed by individual hardware 
components, but it is also possible that one or more of these functional blocks are 

20 implemented in software, so that the function of such functional block is performed by one or 
more program lines of a computer program or a programmable device such as a 
microprocessor, microcontroller, etc. 
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CLAIMS: 



1 . Switched mode power supply assembly (1) comprising a plurality of at least 
two switched mode power supply modules (10) coupled to each other in a ring-configuration; 
each power supply module (10i) comprising synchronisation control means for generating a 
synchronisation control signal for a next neighbouring module (10i+i) and for receiving a 

5 synchronisation control signal from a previous neighbouring module (10m) in order to ensure 
interleaved operation of all modules. 

2. Switched mode power supply assembly (1) according to claim 1, wherein all 
power supply modules (10) are mutually identical. 

10 

3 . Switched mode power supply assembly (1) according to claim 1 , wherein each 
power supply module (10i) comprises a target signal input (160, all target signal inputs of all 
power supply modules being connected in parallel to one common target signal source 
(Starget)- 

15 

4. Switched mode power supply assembly (1) according to claim 1, wherein each 
power supply module (10i) comprises a current output (130, all current outputs of all power 
supply modules being connected in parallel to one common assembly output (3). 

20 5. Switched mode power supply assembly (1) according to claim 1, wherein each 

power supply module (100 comprises a first supply input (1 10 and a second supply input 
(120, all first supply inputs of all power supply modules being connected in parallel to one 
common high voltage supply source (VhighX and all second supply inputs of all power 
supply modules being connected in parallel to one common low voltage supply source 

25 (Vlow)- 



6. Switched mode power supply assembly (1) according to claim 1, wherein each 

power supply module (100 comprises a control input (140 and a control output (150, all 
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control inputs (14|; 14i) being coupled to a control output (15m; 15n) of a previous 
neighbouring module (10m; 10n), and all control outputs (15i; 15n) being coaled to a 
control input (14i+i; 14i) of a next neighbouring module (10 i+ i; 10i). 

5 7. Switched mode power supply assembly (1) according to claim 1 , wherein each 

power supply module (10) further comprises a current sensor (67) for generating a measuring 
signal (Sm) representing the output current at said module output (13); 
wherein each power supply module (10) further comprises current generating means being 
capable of operating in a first operative state in which said current generating means 
1 0 generates an output current having positive derivative and being capable of operating in a 
second operative state in which said current generating means generates an output current 
having negative derivative; 

said current generating means being adapted to switch from its first operative state to its 
second operative state when a rising measuring signal (Sm) becomes equal to a high 
1 5 boundary signal (S'bhX and being adapted to switch from its second operative state to its first 
operative state when a felling measuring signal (Sm) becomes equal to a low boundary signal 
(S'bl); 

wherein each power supply module (10) further comprises a hysteresis control stage (70). 

20 8. Switched mode power supply assembly (1) according to claim 7, wherein each 

power supply module (10) comprises a boundary generator (20) having an input (21) coupled 
to a target signal input (16), adapted to generate a high boundary signal (Sbh) at a first 
boundary generator output (22) and to generate a low boundary signal (Sbl) at a second 
boundary generator output (23) on the basis of a target signal (Starget) received at said 

25 input (21); 

wherein said hysteresis control stage (70) is adapted to control a difference between a rising 
measuring signal (Sm) and said higji boundary signal (Sbh) and adapted to control a 
difference between a falling measuring signal (Sm) and said low boundary signal (S'bl)- 

30 9. Switched mode power supply assembly (1) according to claim 8, wherein said 

hysteresis control stage (70) has a first input coupled to the first boundary generator output 
(22) and a second input coupled to the second boundary generator output (23) of the 
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boundary generator (20) for receiving the high boundary signal (Sbh) and the low boundary 
signal (Sbl), respectively, and having a first output for providing a hysteresis-controlled high 
boundary signal (S'bh) and a second output for providing a hysteresis-controlled low 
boundary signal (S'bl), respectively. 

5 

10. Switched mode power supply assembly (1) according to claim 9, wherein said 
hysteresis control stage (70) comprises a first ramp voltage generator (71) for generating a 
first ramp voltage (Vrh) having an increasing magnitude, and means (73) for reducing the 
high boundary signal (Sbh) by the magnitude of said first ramp voltage (Vrh). 

10 

1 1 . Switched mode power supply assembly (1) according to claim 9, wherein said 
hysteresis control stage (70) comprises a second ramp voltage generator (72) for generating a 
second ramp voltage (Vrl) having an increasing magnitude, and means (74) for increasing 
the low boundary signal (Sbl) by the magnitude of said second ramp voltage (Vrl). 

15 

12. Switched mode power supply assembly (1) according to claim 7, wherein each 
power supply module (100 comprises a control input (140 and a control output (150, each 
control input (14i; 14i) being coupled to a control output (lSu; 15*0 of a previous 
neighbouring module (10i-i; 10n), and each control output (15i; 15n) being coupled to a 

20 control input (14i+i; 14i) of a next neighbouring module (10i+i; 10i); 

each power supply module (10) further being adapted to generate at its power supply output 
(15) a first control output signal (Sc,out) for indicating the moment in time (tl) when said 
current generating means switches from its first operative state to its second operative state, 
and to generate a second control output signal (Sc,out) for indicating the moment in time (t2) 

25 when said current generating means switches from its second operative state to its first 
operative state. 

13. Switched mode power supply assembly (1) according to claim 12, wherein the 
hysteresis control stage (70) comprises a first adder (73) having one input coupled to the first 

30 output (22) of the boundary generator (20) and having another input coupled to an output of a 
ramp voltage generator (71) which is triggered by the first control input received at the 
control input (14) of the corresponding power supply module (10), the first adder (73) having 
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its output coupled to the first output of the hysteresis control stage (70) for providing the 
hysteresis-controlled high boundary signal (S'bh)- 



14. Switched mode power supply assembly (1) according to claim 12, wherein the 
5 hysteresis control stage (70) comprises a second adder (74) having one input coupled to the 

second output (23) of the boundary generator (20) and having another input coupled to an 
output of a ramp voltage generator (72) which is triggered by the second control input 
received at the control input (14) of the corresponding power supply module (10), the second 
adder (74) having its output coupled to the second output of the hysteresis control stage (70) 
10 for providing the hysteresis-controlled low boundary signal (S'bl)- 

15. Switched mode power supply assembly (1) according to claim 7, wherein said 
current generating means comprise: 

two controllable switches (61, 62) coupled in series between a first supply input (1 1) and a 
1 5 second supply input (12), a node (A) between said switches being coupled to said module 
output (13); 

a switch driver (50) having outputs (52, 53) coupled to control inputs of respective switches 
(61 , 62), the switch driver (50) being capable of operating in a first operative state in which it 
generates its control output signals such that the second switch (62) is non-conductive while 

20 the first switch (61) is in its conductive state, and being capable of operating in a second 

operative state in which it generates its control output signals such that the first switch (61) is 
non-conductive while the second switch (62) is in its conductive state; 
a window comparator (30) having a high boundary input (32) and a low boundary input (33), 
a control output (34) coupled to a control input (51) of said switch driver (50), and a 

25 measuring signal input (36) coupled to receive said measuring signal (Sm) from said current 
sensor (67); 

wherein the window comparator (30) is adapted to generate a first control signal 
commanding said switch driver (50) to enter its first operative state when said felling 
measuring signal (Sm) becomes equal to the signal level (S'bl) at its low boundary input (33), 
30 and to generate a second control signal commanding said switch driver (50) to enter its 

second operative state when said rising measuring signal (Sm) becomes equal to the signal 
level (S'bh) at its high boundary input (32). 
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1 6. Switched mode power supply assembly (1) according to claim 1 5, wherein 
said window comparator (30) has its inputs (32, 33) coupled to the outputs of the hysteresis 
control stage (70). 

17. Switched mode power supply assembly (1) according to claim 7, wherein said 
current generating means comprise: 

a controllable switch (61; 62) and a diode coupled in series between a first supply input (1 1) 
and a second supply input (12), a node (A) between said switch and said diode being coupled 
to said module output (13); 

a switch driver (50) having an output (52; 53) coupled to the control input of the switch (61 ; 
62), the switch driver (50) being capable of operating in a first operative state in which it 
generates its control output signal such that the switch (61; 62) is in its conductive state, and 
capable of operating in a second operative state in which it generates its control output signal 
such that the switch (61; 62) is non-conductive; 

a window comparator (30) having at least one boundary input (32), a control output (34) 
coupled to a control input (51) of said switch driver (50), and a measuring signal input (36) 
coupled to receive said measuring signal (Sm) from said current sensor (67); 
wherein the window comparator (30) is adapted to generate a control signal for said switch 
driver (50) when said measuring signal (Sm) becomes equal to the signal level (S'bh) at its at 
least one boundary input (32). 

1 8. Switched mode power supply assembly (1) according to any of the previous 
claims, wherein the power supply modules are implemented as DC/DC converter modules. 

19. Switched mode power supply assembly (1) according to any of the previous 
claims, wherein the power supply modules are implemented as DC/AC inverter modules. 

20. Solar cell assembly, comprising a boost converter for up-converting the output 
voltage of the solar cells, having its output voltage coupled to a DC/AC inverter, wherein 
either said boost converter or said inverter, or both, comprise a switched mode power supply 
assembly (1) according to any of the previous claims. 
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21 . Driver for driving a lamp such as a gas discharge lamp, comprising a switched 
mode power supply assembly (1) according to any of the previous claims as a DC/AC 
inverter for generating supply current for the lamp. 

22. Actuator for a motion control apparatus, comprising a switched mode power 
supply assembly (1) according to any of the previous claims. 
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ABSTRACT: 



A switched mode power supply assembly (1) is described, which comprises a 
plurality of at least two, possibly three or more, power supply modules (10) cyclically 
coupled to each other. 

Each power supply module (100 comprises synchronisation control means for 
5 generating a synchronisation control signal for a next neighbouring module (10i + i) and for 
receiving a synchronisation control signal from a previous neighbouring module (10m) h* 
order to ensure interleaved operation of all modules. Low power modules are relatively easily 
manufacturable in high volume. 



10 



Fig. 3 



PHNL030799 



2/8 




PHNL030799 



3/8 



CO 

1 



1 



6 CO 



S3 



1 



Sol 



CO 



CO 



CO 



5> 



ITT 



2 



CM 



CD 







SI 






55 







A 




CO 



PHNL030799 




t 

FIG.6B 



PHNL030799 



5/8 




FIG.7 



PHNL030799 




PHNL030799 




PHNL030799 



8/8 



30 50 

/ / 




s*SW62 



FIG. 10 



